METALLURGY OF LEAD                                  803
All of these methods are. employed practically in the United States at the present time, either alone or in combination, the latter being most commonly the case; also, the principles are not practically so sharp as theoretically stated, the reactions fundamental to one process invariably playing a certain part in the other processes.
If a lead ore were absolutely pure, there would be no other consideration in the smelting processes than those reactions which relate to lead and its chemical combinations; but practically lead ores are ne^er pure, the valuable minerals being mixed with a certain proportion of foreign matter, which must be separated by making a slag of it, In-the roast-reaction method of smelting, it is true, no slag properly speaking need be made, the reduced lead being liquated out from the worthless impurities, but the latter will still retain a high percentage of lead, and in order to effect a high degree of extraction from the ore it must be subjected to a further smelting process in which a true slag is made. In making a slag, the object is to combine the impurities into a fusible silicate, which when molten will be of comparatively low specific gravity, so that the heavier lead will settle to the bottom of the crucible of the furnace, whence it may be drawn off separately, while the lighter slag will float on top. Besides the slag and metal, there is formed practically another substance, called matte, which is lighter than the metal but heavier than slag. Matte is an artificial sulphide, consisting in lead smelting usually of the sulphides of iron, lead, and copper (if copper be present in the ore), and owes its origin to the incomplete elimination of sulphur from the ore. Similarly, speiss is an artificial arsenide of iron.
The difference between lead smelting in principle and in practice is chiefly due to the incompleteness with which the basic reactions are carried out, and the qualifying effect of the impurities that are commonly met with in ores. Thus certain metallic impurities are reduced with the lead, contaminating it and necessitating a subsequent refining process. Other impurities affect the composition of suitable slags. Others affect the running of the furnace in various ways. It is the reconciliation and neutralization of these various difficulties that constitute the duty of the metallurgist, whose purpose is to treat a ton of ore in such way that the difference between the value of the products extracted ar?d the expense of treatment will be the maximum, the value of the products depending largely upon the percentage extracted, and the expense of treatment including interest and amortization charges on the capital invested in plant, etc.
The most primitive form of lead smelting in the United States was practiced with the log and ash furnaces in Missouri prior to 1850. They employed the roast-reaction system of smelting and'were applicable only to non-argentiferous galenas, of very high grade in lead. They were for the most part displaced about 1840 by the Scotch1 hearth furnace. Later on reverberatory furnaces of the Flintshire type came into use, but never extensively, nor with such success as to develop a permanent metallurgical practice. The Scotch hearth, however, has survived, and in its modern development is the basis of a highly efficient process in the treatment of certain classes of ore, especially high-grade non-argentiferous galena.
Neither the Scotch hearth nor the reverberatory furnace is well adapted to the treatment of argentiferous ore, or to the treatment of ore containing less than 60 per cent of lead, while the smelting of carbonate ores alone in these ways is of course
i This term is not strictly accurate, since the furnaces of this class that were introduced into America were early modified materially from their prototype as employed in Great Britain. They are described more precisely as the American-Scotch hearth, which term is to be found in many metallurgical treatises, but is never heard in practice, the term Scotch hearth having been adopted for brevity.